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2017 SEAoO Basic Education Committee Report 
 
The Basic Education Committee of the Structural Engineers Association of Ohio is dedicated to 
improving the technical and practical quality of the education of structural engineering students.  We 
realize the importance of having practicing structural engineers involved in the professional 
development of students who intend to make structural engineering their career. 
 
Over the past few years, students at Ohio University, Ohio State University, University of Cincinnati, 
University of Toledo, University of Akron, and University of Dayton have established student 
chapters of SEAoO.  All chapters are actively involved in developing future structural engineers 
through extracurricular activities, and have successful programs with speakers and tours.  The 
chapters receive some funding from SEAoO.  The following reports summarize each chapter’s 
activities from this year. 
 
We plan to develop student chapters at all universities in Ohio that offer structural engineering.  This 
year we officially established a chapter at the University of Akron, and are finalizing bylaws for the 
University of Dayton’s chapter.  If you’d like to get involved with this effort, present a topic or host a 
tour for one of the student chapters, or help establish a student chapter at your alma mater, please 
contact us.   
 
To show our support for college students in Ohio with a strong interest in a structural engineering 
future, SEAoO is pleased to present this year’s Educational Awards for essays and project reports to 
the following students: David Burton, Joe Kaufman, and Malory Gooding.  This year’s winning 
papers are included following the student chapter reports.  With a record 13 applicants this year, we 
are excited to report these awards are gaining enthusiasm from students across the state.   
 
This past year, we assisted 6 students with expenses to attend the NASCC in San Antonio.  We 
continue to bridge the gap between life as a student and a practicing engineer by hosting Student 
Mentoring meetings where young engineers give advice and talk about their career.  Along with 
many jobsite and supplier tours that chapters organized, OSU hosted their 3rd annual job shadowing 
event that paired up students with local structural engineering companies. 
 
You too can be involved in any of these activities.  Please contact us and join this committee.  We 
welcome and appreciate everyone’s involvement and support. 
 
SEAoO Basic Education Committee: 

Mindy Barber (Chair-Educ@SEAoO.org), Carrie Bremer, Dick Meyer, Walt Heckel, 
Antonio Verne, Tim Gilbert, Rob Kasee, Robert Ward, Bernie Kooi, Scott Bickel, Suzie 
Rufener, Ben Van De Weghe 

 
SEAoO Liasons: 
 Ohio University:  Matt Hunkler, PE 
 Ohio State University:  Bernie Kooi, PE, SE 
 University of Cincinnati:  Mindy Barber, PE 
 University of Toledo:  Antonio Verne, PE, Robert Ward, PE & Rob Kasee, PE 
 University of Akron: Scott Bickel, PE & Suzie Rufener, PE  
 University of Dayton: Dick Meyer, PE & Ben Van De Weghe, PE



2017 University of Cincinnati SEAoO End of Year Report 

 
The SEAoO student chapter is a student organization that is funded by the University Funding 
Board (UFB). Each student group can request up to $5,000.00 per year for events, and 
conferences (food, registration fees, gas, hotel, rental car, etc.). In addition, student groups also 
receive $200.00 in operational funds. The operational fund includes apparel for the organization 
and office supplies.  
 
Our student group also has a PNC checking account that is not affiliated with the University. To 
start off the year, our bank account had $554.47. At the beginning of this school year the SEAoO 
professional group awarded us $300.00 to use throughout the year. This brought our PNC 
account up to $854.47. We did not make any withdrawals this year, but are saving for expenses 
for the coming year. 
 
This coming year, we plan on purchasing polos for our members. The last time this was done 
was in 2014-2015. The cost of the polos was $663.00, but we anticipate the cost will rise. We felt 
that it would better serve our future to further save up. Saving will allow us to attend the annual 
conference (for no cost to students) and to have more funds for events throughout the next school 
year.  
 
The only event of the year that needed funding was the annual mentoring night in November. 
UFB paid $726.11 for 20 students meals and 3 presenters meals. The professional group covered 
the remaining cost for the professional group. In total the event cost was $1,262.60.  
 
We partnered with our student chapter of the American Society of Civil Engineers to host a job 
site tour and presentation. This year we toured the Northern Kentucky University’s new Health 
Innovation Center. Nine students attended the tour and presentation. No costs were occurred 
throughout this presentation. 
 
As seen in the yearly summary, we hosted two events this year. We encourage our members to 
attend the professional chapter meetings. We had a successful year and look forward to an active 
next year.  
 
 
 



2017 Ohio State University SEAoO End of Year Report 

 
We’d like to start off by saying SEAoO had much success over the past year. We put on many 
events for students primarily interested in structural engineering. There were multiple site tours 
and shadowing opportunities to learn about the design and construction of local buildings, as 
well as the recognizable new dorms on campus. These tours were a great chance for students to 
understand more about the projects going on around us.   
 
The spring job shadow event helped students explore what being a working structural engineer is 
like. This is the best way to learn about the profession, as classrooms and school projects can 
only simulate so much. Students were able to visit offices and sites and see what a day in the life 
of a structural engineer looks like. In addition, the job shadow event exposed students to multiple 
companies that can be potential co-ops or internships in the future.  
 
SEAoO’s mentoring night was successful in allowing students to network with local 
professionals. In a casual, conversational setting, students were able to talk one-on-one with 
practicing structural engineers, asking questions to explore what they do and the versatility of the 
profession. We believe the more undecided students enjoyed this event the most, due to its 
informality.    
 
We also offered students opportunities to attend the professional SEAoO chapter’s conferences 
throughout the year. It was great to connect with yet another body of professionals, especially 
being part of their OSU chapter. Their conferences were nothing short of enlightening.  
 
Through all of these events, SEAoO provided OSU students with networking and learning 
opportunities outside of the classroom which otherwise would not be offered. Not only does 
SEAoO allow students to learn more about the structural engineering profession and meet with 
professionals, it also allows students to meet other people within the civil engineering major, 
creating connections for the future.   
 
We look forward to the next year to continue expanding the organization on campus and 
providing beneficial opportunities to students, preparing them for their future careers in 
structural engineering.  
  



2017 Ohio University SEAoO End of Year Report 

 
This was another great year of building for our organization!  Membership increased to 
approximately 12 members per meeting, with a tremendous increase in graduate membership and 
a slight decrease in undergraduate membership.  Meeting sizes remained fairly constant through 
the three events we held this year, compared to slight variations through two events last year.  
This year we planned to build upon existing interest in the organization through four main 
events:  recruitment meeting, OSU mentoring night, AEP site visit, and guest speaker Matt 
Hunkler.  One of our goals this year was to expose students to specialized or unique areas of 
structural engineering typically never covered in coursework.  To achieve this, we asked Steve 
Pettigrew of Pettigrew, Inc. to present on the AEP blast demo, and Matt Hunkler of ADF 
Engineering to present on emergency projects.   
 
Continuing our efforts from last year to make the organization more visible, we held a recruiting 
meeting in the fall semester to showcase our chapter and to explain how to navigate our OrgSync 
page.  OrgSync offers many tools for organizations, other than creating a page for potential 
members to learn about the organization.  We used our OrgSync page more heavily this year by 
taking advantage of the meeting reminders and RSVP’s for headcounts.  The Campus 
Involvement Center at Ohio University has now made available student ID card readers, which 
we aim to use next year for attendance. 
 
The second event of this year unfortunately had to be scrapped due to project delays.  In late 
October, the five unit coal fired American Electric Power: Muskingum River plant was 
scheduled to be demolished by explosives.  Our plan was to meet with the CEO of the demo 
company to discuss the methodology in deconstructing such a large facility, as well as be in 
attendance the morning of the demo. Due to market prices for scrap metal, the project was 
delayed.  The last time I checked in (mid-March), the project is still at a standstill and there is no 
anticipated date to restart the project. 
 
For our third event, we attended OSU’s mentoring night held at the Ohio Union in Columbus.  
Mentoring night is an annual event that the OSU chapter of SEAoO holds to allow student 
members to talk to professional members about the structural engineering industry.  The meeting 
started out with a social to meet the OSU chapter and all of the professionals in attendance.  
Afterward, we were treated to a dinner and presentation from professional members about their 
engineering careers in the ball room.  I can’t thank OSU and SEAoO enough for inviting our 
chapter again this year! Several of our members commented that they liked the casual setting of 
the meeting. 
 
Our last meeting was with guest speaker, Matt Hunkler of ADF Engineering.  A large portion of 
ADF’s projects are in the industrial and material handling industry, which occasionally 
experience equipment issues that result in structural failures.  Going with the theme of unique 
areas of structural engineering, Matt presented on his experience in forensic engineering and 
emergency projects at ADF.  Using site pictures, Matt explained how the failures happened and 
what designs solutions were needed to rebuild and prevent further accidents in the future.



2017 University of Toledo SEAoO End of Year Report 

 
Student membership and involvement with UT-SEAoO has been much more active in this 
academic year as compared to prior years. In the fall 2016 semester alone 10 new student 
members attended most meetings and other activities hosted by the chapter. The 2016-2017 
academic year offered new and continuing student members the opportunity to network with 
professionals in the structural engineering field through speaker events, tours and conferences.     
 
Events that UT-SEAoO hosted for its student members during the academic year included: 1) 
“Mentoring Night”, an information session in which both a young professional engineer (P.E.) 
and a student working in industry came to the University of Toledo (UT) to speak one-on-one 
with students 2) “Experience Night”, in which a professional structural engineer (P.E.;S.E.) came 
to present and answer questions on how to become a structural engineer, 3) tour of the North Star 
BlueScope steel manufacturing plant, 4) involvement in two major structural engineering related 
conferences, 5) attending the 2017 steel bridge competition; 6) tour of a precast/prestressing 
concrete plant.  
 
Mentoring Night at UT 
About 10 UT-SEAoO student members along with a few structural P.E.s attended the 
networking information session “Mentoring Night” that was hosted hear at the University of 
Toledo on October 5th 2016. Two young speakers gave their experience on the trials and 
triumphs of their careers. Antonio Verne, a structural P.E. from the THP Limited, and Kyle 
Blosser, a senior in civil engineering at UT, gave presentations on their experience as young 
professionals in the field and what employers look for when hiring young engineers. The evening 
included the presentations, a catered Italian dinner, a social meet and greet event and one-on-one 
sessions between students and P.E.s.  

 
Experience Night at UT 
In November 2016, Lisa Lewis P.E.;S.E. with Matrix Technologies in Maumee, OH came to UT 
to present over 15 years of her experience in the structural engineering field and the steps 
towards licensure. Roughly 10 students attended this event in which Lisa’s presentation 
highlighted important issues, advise tips, and the process in becoming a licensed P.E. and S.E. In 
addition the event provided students a catered dinner from Jimmy Johns, a meet and greet social 
hour and a one-on-one Q&A resume review session with Lisa.     
 
Tour of North Star BlueScope Steel Plant 
Roughly 15 UT-SEAoO student members 
and UT faculty member Dr. Serhan Guner 
toured the North Star BlueScope steel 
manufacturing plant in Delta, OH on 
February 10th 2017. The tour of the plant 
lasted 2 hours in which students were given 
the opportunity to witness the steel 
manufacturing process starting from the 
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electric arc furnace to the ladle furnace then finally to the rolling mill. Throughout the tour a 
thorough presentation was given by one of the staff managers who served as the tour guide, 
Doug Ackerman. Whenever there was a question students were able to ask and get answers from 
Mr. Ackerman and other staff through the various stages of the tour. For many UT-SEAoO 
members this was their first experience inside a manufacturing plant. After the tour a group 
photo was taken outside the plant (see picture above); the group went to dinner at a local 
restaurant.   
       
North American Steel Construction Conference (NASCC) 2017 
The American Institute of Steel Construction (AISC) every year hosts the North American Steel 
Construction Conference (NASCC) in which 3 UT-SEAoO members attended this year in San 
Antonio, TX on March 22nd – 24th. UT-SEAoO members John Morganstern, Tariq Rahim 
Rahimi and Zebadiah Hites attended the conference as well as the students connecting with 
industry sessions (SCIS) event. The SCIS gave the students the opportunity to network with 
industry professionals potentially leading to a career with an engineering design firm, steel 
manufacturer, structural computer software developer, or a large construction firm. In addition to 
the SCIS the UT-SEAoO students attended the conference dinner along with a majority of the 
engineering professional attendees. At the conference dinner the students were able to get to 
know and network with industry professionals as well as other students from various countries 
around the world. The students also attended several technical sessions throughout the 
conference expanding their knowledge in their areas of interest. Two of the UT-SEAoO students 
were able to contact and have dinner with past SEAoO present Tim Gilbert P.E., S.E. Overall the 
students enjoyed the experience of three full days of the conference and city of San Antonio, TX; 
are very grateful for the funding SEAoO was able to give to make this possible.  
 
American Concrete Institute (ACI) Convention Spring 2017 
Several UT-SEAoO students attended the ACI convention on March 26th-29th at the Detroit 
Marriot Renaissance Center. Similar to the NASCC the ACI convention was a great networking 
and educational opportunity for the students attending. At the ACI convention students had the 
opportunity to directly meet officers at the highest level of ACI and gain insight directly from the 
concrete industry professionals. The convention offered students several networking and social 
events with other students as well as engineers, company representatives, and educators in the 
concrete industry. These social events included a mixer at one of the restaurants in the 
Renaissance Center, the student luncheon, free admission to a hockey gain and free admission to 
dinner and social hour at the Henry Ford Museum. UT-SEAoO members also learned of a yearly 
student competition hosted by ACI, in which this year the competition involved the use of fiber 
composites in strengthening a modulus of rupture beam. Also a few UT-SEAoO students 
attended the student education committee and expressed interest in starting a new ACI student 
chapter at The University of Toledo.     
 
Steel Bridge Competition 2017 
The steel bridge competition is an annual event hosted by AISC that gives engineering students 
from universities across the country a fast-pasted challenging project involving the design, 
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fabrication, building and testing of a steel frame bridge. This year the competition was held on 
April 7th at Lawrence Tech University in Southfield MI, part of the Detroit metro area. One of 
the UT-SEAoO members, Zebadiah Hites, was a lead on the team from UT; has been involved in 
the steel bridge competition in the past. A few other UT-SEAoO members came to support the 
UT team as the competition went underway.     

  
Tour of United Precast Industries Precast/Prestress Plant 
The tour of the United Precast Industries 
precast/prestress plant in Mount Vernon, OH 
was the last UT-SEAoO event of the 2016-
2017 academic year. The tour was held on 
April 14th in which 10 UT-SEAoO student 
members and faculty advisor Dr. Douglas 
Nims, P.E. were exposed to the process of 
the precast industry. Many of the students in 
attendance on this tour were taking bridge 
design class with Dr. Nims in which a 
significant portion of the course focuses on 
prestressed bridge beams, so this was an 
excellent opportunity for students to see 
firsthand and ask questions related directly to their studies. United Precast was very helpful and 
answered every question that the students had relating to the precast/prestressing industry. At the 
end of tour a group photo with one of the plant managers was taken (see below).  
 
Summary/Looking Ahead 
In the 2016-2017 academic year UT-SEAoO saw a lot of new members who have continued to 
show and express interest in SEAoO and what it represents. The student chapter has roughly 15 
active members who have continued to be involved throughout the year. At the end of the Spring 
2017 semester officer elections were held and the five officer positions for fall 2017 were filled 
ensuring a successful transition into the 2017-2018 academic year. 
 



2017 University of Akron SEAoO End of Year Report 

 
This is the first academic year that our chapter has been active on campus. Last year, the process 
of creating a student chapter at the University of Akron began with initial contacts to the parent 
chapter, gathering interest at the university, and beginning to register the organization at the 
university, including drafting a set of bylaws. We took the first semester of this year to finish up 
the registration, finalized the bylaws, had them approved by SEAoO, and filled the roles of 
President, Vice President, and Treasurer.  
 
During second semester, we were able to hold two meetings. At the first meeting, we discussed 
the direction that we wanted to take our chapter, while the second meeting featured a guest 
speaker. Both meetings, unfortunately, were low in attendance. A Student Mentoring Night was 
also planned, though due to the low attendance of the first two meetings and scheduling 
conflicts, the event was postponed until this Fall. 
 
Due to confusion regarding how the university handles money for student organizations, no 
funds were officially received for this year. Pizza was purchased for both of the meetings 
mentioned above.  
 
This year, we took our first steps to becoming a presence on campus, and we can only grow from 
here. This is exactly what we intend to do next semester as we hope to gain more members, 
organize further, and put on more events. 
 



Archaeo-Engineering: Learning from and Preserving the Structures of the
Ancient World

Matthew David Burton

University of Cincinnati

April 2017
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Overview

Awe-inspiring structures enduring from ancient times pervade the earth today.
Structures from Europe and the Americas alike, such as Roman aqueducts and theaters and
towering Maya pyramids, are mighty displays of structural engineering prowess from a
seemingly premature time. The unsurpassed longevity of these structures makes them
susceptible to structural failure, and therefore, engineers have a paramount task in preserving
them with modern structural engineering. In addition, several examples of ancient engineering
prove to be ingenious and designed with pioneering skill allowing them to endure significant
tests of time. The responsibility of the archaeo-engineer is to analyze these structures not only to
preserve them for generations to come, but to glean information about the people who built
them, their structural engineering knowledge and understanding, and even the culture in which
they lived. This paper reviews two remarkable works of ancient structural engineering: the Maya
arch and consequent suspension bridge at Yaxchilan and Roman concrete vaulting in the Great

, showcasing the work of ancient as well as modern archaeo-engineers.

The Maya Arch and the Suspension Bridge at Yaxchilan

The engineering accomplishments of early Americans are seldom publicized compared to
their European counterparts, but the accomplishments of these peoples such as the Maya are
remarkable and worth studying. In the Yucatan rainforest of southern Mexico lies the ancient
ruins of the Maya, including high-rise palaces and pyramids and long span suspension bridges.
The dense vegetation of this area hid these engineering gems from the outside world for more
than a millennium, but they have now been discovered and studied in depth by both
archaeologists and engineers.

Of particular interest is the city of Yaxchilan, a city thriving in the period of 250 to 900
AD. This city was originally studied by nontechnical explorers and archaeologists beginning in
the late 1800s. Recently, archaeo-engineers have studied the city and its associated engineering
marvels from a technical perspective and the results have been extraordinary. Structures
spanning large spaces with the use of arches are visible around the dwellings of the Maya.
These arches are a considerable structural engineering feat for their time leading to in depth
discussion in several archaeo-engineering publications.

To build structures such as the arch, the Maya developed a method for producing
hydraulic cement 1500 years ago. Common masonry structures would not withstand the great
amount of damage caused by unruly vegetation such as tree roots and jungle vines entering
masonry joints. The Maya produced cement using wood-fired blast furnaces to superheat
limestone into cement clinker1. This cement was subsequently mixed with coarse aggregate,
water, and a polymer from the sap of indigenous trees to make cast-in-place concrete. Concrete
was used as a durable construction material ctures, not the least of
which being the Maya arch. These arches can be analyzed and understood structurally through
Figure 1, showing the construction and forces involved with the structural design of the arch.
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Figure 1: Construction of the Maya Arch1

The left depiction shows masonry walls extending to the intended springline of the arch.
These masonry walls acted as the form for the cast-in-place concrete which was poured into the
cavity between the wall faces. At the springline, a timber thrust beam was inserted into either
end of the wall. This thrust beam acted as both a base for scaffolding for the construction of the
upper portions of the arch, and a compression member resisting the tendency of the
overhanging partial arches to collapse inward. The middle depiction shows the concrete and
masonry construction on the upper portion of the arch. When the construction reached a certain
height, a second thrust beam was added as shown in the right depiction. This arch also worked
in compression to resist the added bending moment and inward forces produced by the
unfinished arch. Finally, the arch was closed at the top which then converted the thrust beams
from compression to tension members due to the added weight of the top of the arch pushing
the supporting walls outward. Most surviving Maya arches no longer have the timber thrust
beams due to rotting, but the cavity where they once laid is visible.

This arch allowed for structural spanning capabilities with an important example being
the suspension bridge at Yaxchilan across the Usumacinta River, the longest suspension bridge
of the ancient world with a main span of 63 meters2.

Figure 2: The Maya suspension bridge at Yaxchilan with load paths added and an elevation of
the bridge pier2
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The ruins of this bridge were discovered by archaeo-engineers and subsequent analysis
of the ruins and surrounding area resulted in the structural understanding of the bridge. Figure
2 shows a depiction of what the bridge may have looked like in ancient times. Two large cut
stone and cast-in-place concrete piers held a hemp rope suspension bridge across the river,
which would raise up to 15 meters in the rainy season, hence, making the bridge a necessity to
the survival of the city. Maya arches adorn the top of the piers and are integrally important to
the structural design. It should be noted that the design of portions of the bridge are speculative,
as the bridge is in ruins, but the analysis is done with the understanding of other surviving Maya
structures and still offers legitimate insight into the structural design capabilities of the Maya.

Following the load path of a point load in the middle of the main span offers the
opportunity to learn the design of the bridge. The point load is transferred directly to timber
boards along the walking path which are supported by hemp rope on either end running in the
span between piers. A suspension cable made of hemp rope hangs above the board level tied to
the boards by ropes in tension. The load is transferred from the cables up to either main pier.
The pier utilizes a Maya arch with a protruding stone on the interior of the arch to carry the
suspension cable load and is cast in the concrete and masonry arch. The rope bearing on this
stone, visible in the pier elevation of Figure 2, induces a bending moment which is absorbed by
the concrete and the previously addressed design of the arch. The loads then travel vertically
down through the walls into the pier and finally into the foundation of the bridge pier at the
bottom of the river.

 Rome

originally unreinforced
concrete and is a remarkable engineering achievement of ancient Rome. Unlike the Maya
suspension bridge, this structure is still standing in its entirety and therefore offers the
opportunity for the archaeo-engineer to study its structure and be instrumental in its
preservation.

 Hall3
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with the main concrete vault
spanning more than 8 meters from its supports on the shear walls. Modern archaeo-engineers
have analyzed the structure
the areas of the structure most susceptible to failure, and to produce methods to preserve the
structure.

Figure 4: Solid model of the Great Hall (Main Vault) and surrounding structures#.
Annotations by author4

The main vault was constructed using concrete made of pozzolanic volcanic ash and
~10 cm volcanic rock and brick coarse aggregate4. Amazingly, the concrete has mechanical
behaviors qualitatively similar to those of modern concrete: the compressive strength (~750
psi) is on the order of tenfold the flexural tensile strength (~75 psi), though only a fraction of
the strength of modern concrete. Since the concrete is both analogous to modern concrete and
a continuum, finite element analysis was utilized by archaeo-engineer Philip Brune to analyze
the structure. Unlike previous analysts, Brune found that the lateral arches minimally support
the thrust of the main vault. In addition, the maximum compressive stresses were at the
interface of the main vault and the travertine blocks while maximum tensile stresses were at
the main vault crown where bending moment is greatest4. The maximum compressive stress
developed (~100 psi) is well below the experimental strength of the Roman concrete but the
tensile stress is not as satisfactory as it reaches more than 30 psi offering a factor of safety of
only about two for a nearly 2000-year life cycle. Tensile cracking developed at the crown of the
intrados on the entire length of the main vault. In addition, the interface between the travertine
blocks and the vault concrete has minimal frictional resistance and is therefore susceptible to
translation by sliding.

These structural problems offered the perfect opportunity for archaeo- engineers to
develop a solution. Figure 5 shows the area prone to tensile cracking. The concrete
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in this area (shown by black dashed lines) was replaced as part of a restoration program at the
Great Hall. Rome was officially classified as seismic prone in 20035. This classification led to
structural fortifications at several places prone to failure by seismic activity. Due to the potential
for sliding at the travertine-concrete interface, inclined steel reinforcing bars were installed at
each of the main pillars as noted in Figure 4. To increase the tensile strength of the concrete at
the crown of the main vault ceiling, horizontal steel reinforcing bars were inserted across the
vault just above the crown (shown by dashed white lines in Figure 5)5. The importance of
archaeo-engineers to this project cannot be understated as this structure holds great cultural
value and had strong potential for structural failure without modification.

Figure 5: The crown of the main vault showing replaced concrete between black dotted lines
and approximate location of steel reinforcing inside ceiling5

Other Accomplishments by Archaeo-Engineers

Professor Steven Ellis at the University of Cincinnati, is a leading Roman archaeologist
who is currently leading excavations at the Pompeii Archaeological Research Project: Porta
Stabia in Pompeii, Italy among other projects. Professor Ellis is very familiar with the Great Hall
and  many other ancient Roman structures. Professor Ellis believes archaeo-engineers are
important to archaeological sites as they use their technical expertise to observe the foundations
and short walls of ancient ruins and anticipate the upper portions of structures that no longer
stand. Archaeo-engineers also realize the ancient drainage patterns for entire cities such as
Pompeii which offers a great deal to the study of the ancient people who lived there6.

Conclusion

Numerous ancient structures still exist around the world and the practice of archaeo-
engineering allows for the analysis and preservation of these impressive structures. The study of
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these structures not only produces a vast amount of structural engineering information about
the ancient people's technical knowledge, the materials they used, and the design methods they
employed; but it also gives information about the ancient cultures as a whole, much of which
cannot be realized by the nontechnical archaeologist alone. Structural engineers acting as
archaeo-engineers are therefore vitally important to the study of archaeological and ancient
structures, people, and cultures and the preservation of remarkable engineering
accomplishments.
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Abstract

Megatall skyscrapers are a prominent staple in many countries around the world. Standing at over 2,000
feet tall, the Shanghai Tower boasts the tallest building in China and is the 2nd tallest building in the world
(MASS). As with any megatall structure, the Shanghai Tower has overcome a variety of unique design
challenges.

Introduction

The Shanghai Tower is unlike any other megatall skyscraper built in the world. Standing proud along the
city skyline, it vertically transforms S
zones, the building creatively turns a horizontal city into a vertical metropolis. The 127 stories are divided
among the nine zones of 12 to 15 floors each and include retail, office and hotel space as well as an
observation deck (CIM). Special to the Shanghai Tower is its double-shell design. The exterior glass
curtain wall acts as an oversized skin interior skeleton and provides plenty of
community green space and common atriums for meetings and socials. These shared interior spaces
provide a welcoming environment for the occupants as well as the ability to achieve LEED Gold
Certification (Singh). Building 2,000 feet into the sky requires experienced and skilled engineers, and
ingenious structural designers. Design engineers had to consider challenging wind load conditions,
develop a composite structural core, and manage building sway.

Figure 1. These sketches show the building interior and exterior working together. Notice the double-
shell design in the Sectional View of the Tower. The result of this design provides a massive interior
common space at the bottom of each new zone as shown in the Atrium View of Tower.

Wind Loads

Based on studies performed on the Burj Khalifa and other megatall buildings, wind loads become the
controlling factor in a tall  (Zhaoa). Geographically, Shanghai is in southern China
where Typhoons are a regular occasion. Typhoons bring with them, fast wind speeds and inches of heavy
rainfall. In 2015, typhoon Chan-hom came ashore to Shanghai and produced 100 mile per hour sustained
winds (Langfitt). The Pudong business district is already home to several tall structures such as the
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Shanghai World Financial Center and the Oriental Pearl TV Tower. These tall buildings have been
successful in mitigating the typhoon-caliber wind speeds but the Shanghai Tower challenged engineers as
it stands well above these buildings and heightens the city skyline.

To mitigate the extra wind load factors, the exterior shell was designed to shed as much of the potential
wind loads. Previous wind load studies suggest that 90 degree corners of buildings induce the strongest of
wind loads (Gargari). Traditional buildings incorporate right angles as they are easy to design, build, and
predict how forces will react against the flat building plane. Traditional buildings can be designed for
wind loads and can utilize predesigned wind loading charts and calculations and therefore understand the
building behavior (Zhaoa). However, when working with megatall buildings, these equations, charts, and
calculations do not necessarily reflect the same characteristics as traditional buildings. Considering the
unique exterior shape of the building challenged designers to confidently calculate the potential wind
loads. After performing the statistical calculations, the design team physically tested a 1:500 scale
building model in a wind tunnel (Zhaoa). As a result, engineers gained a more in depth understanding of
wind load behaviors for this supertall building.

Figure 2. Wind Tunnel test performed at 1:500 scale. Mock existing structures are placed around to
reproduce actual site conditions. The scale buildings are placed on a rotating table in order to analyze
which wind direction most affects the building.

The wind tunnel testing proved several exterior vortex architecture. The
gentile twist  is architecturally pleasing but also serves a meaningful
structural purpose. Wind tunnel testing proved e  assumptions that varied amounts of twist in the

 regards to the maximum wind loading forces. While the
wind tunnel tests favored a 180 degree twist, aesthetic concerns prevented a full half turn in the final
design (CIM). A 120 degree vortex was considered the best alternative for the structure and aesthetics.
The 120 degree design provided benefits to the project as it saved up to 24% in the necessary structural
wind loading design work and construction materials. This contributed to about $50 million in savings
from the original design (CIM). The exterior of this skyscraper might lead engineers to assume a difficult
core structure and floor by floor layout, however behind the curtain wall lies a fairly simple configuration.
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The Structure

The Shanghai Tower uses a composite of several structural systems to support the building and the
associated loads. A 30 meter by 30 meter square comprised of a grid of reinforced concrete walls forms a
structural reinforced concrete core located at the center of the building (MASS). The core runs the full
height of the building and efficiently houses full length elevator shafts. The reinforced concrete core walls

 structural build
economy (Singh). The core supports an outrigger floor system to support every floor in the building
(MASS).

In addition to the square reinforced concrete core, a supercolumn system contributes support to the
exterior of the building structure. Four pairs of composite supercolumns, composed of steel beams
encased in concrete, create a circular cone shape for the buildings main structural form (Singh).
Orthogonal to these four pairs of supercolumns are additional single supercolumns to help evenly transfer
loads throughout the building floors. Encasing the supercolumns in concrete enhances the connections
between various members.

The building is divided into nine vertical zones. At each of these zones, a double belt steel truss system
forms a circular ring which ties the supercolumns together and provides additional lateral stability. Each
double belt truss is located at the base of each zone and supports two full floor levels which are
designated as the mechanical floor and the safety refuge area for each respective zone as required by
Chinese building code (MASS). Combining these various structural systems creates a composite structure
in which the Shanghai Tower can adequately provide the required structural support.

Figure 3. Building cut of core structure (Left). Cut of one zone incorporating floor slabs (Right).
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Figure 4. Mega-frame showing double belt steel truss at zone level (Left and Center). Construction
phases of the tower displaying the core, structural concrete floor slabs, and exterior curtain wall structure
and glass (Right). Note the full floor atrium slab extending to the exterior curtainwall every 12-15 stories.

Building Sway

Even with minimized wind load factors and a strong structural core and frame, building sway must be
considered. Gensler, the contracted design company of the Shanghai Tower, claims that a building this
tall could be susceptible to more than five feet of sway during the typhoon conditions (Langfitt). Sway is
a common problem among many skyscrapers and windy conditions can cause occupants to feel nauseous
from the building movement. With a tuned mass damper near the top level, the Shanghai Tower should
not have this problem. A computerized stabilization system controls pistons that push the 1,200 ton mass
into the leading face of the wind force. Mass damper systems are fairly common in tall buildings, but a
building of this height requires the largest application in the world (MASS). This large moveable mass at
the top of the building reduces the potential for sway and allows occupants to remain comfortable inside.

Figure 5. Sketch of 1,200 ton tuned mass damper at the top of Shanghai Tower.



Kaufman 5

Conclusion

Buildings around the world continue to reach new heights and must be designed to handle a variety of
forces. The Shanghai Tower posed a unique challenge to engineers and was designed to withstand
typhoon-strength sustained wind conditions, structural loads within the building, and sway. An
architecturally pleasing exterior contributes toward mitigating the effect of the strong wind forces
experienced by traditional square shaped buildings (Zhaoa). The reinforced concrete core and
supercolumn frame firmly support the structure against the live loads applied on the building. The
largest tuned mass damper counteracts any building sway. Hard work of engineers, architects, and
construction professionals delivered an elegant and functional place to live, work, and enjoy. Overcoming
these structural challenges, China successfully completed  tallest megatall structures,
the Shanghai Tower.
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EXECUTIVE SUMMARY 

Every structure must be designed for lateral loads. However, lateral loads are typically less 

predictable, with load paths more difficult to track than vertical loads. They are often 

conceptually hard to grasp but important to understand for a structural engineer. This paper will 

give an overview of lateral force resisting system design concepts for wind and seismic loading, 

including a review of lateral force resisting elements, diaphragms, and practical considerations in 

their design. 

 

BASIC LATERAL FORCE RESISTING ELEMENTS 

Every structure must incorporate vertical elements to transfer lateral loads, including wind, 

seismic, and stability forces, through floor or roof diaphragms to the building foundation. A few 

common systems are listed below. 

Steel moment frames are vertical frames with rigid joints and flexible members. They resist lateral 

loads through flexural strength (bending) of members and continuity of columns and beams 

through rigid connections (Figure 1). Moments are transferred from beams to columns at rigid 

connection points (Figure 2). Concrete frames are typically considered moment frames due to the 

inherent continuity of monolithic construction.  

         

Figure 1: Steel Moment Connection        Figure 2: Bending Moment Diagram 
 

(Figure 1) "Analysis of Frames." Analysis of Frames|www.BuildingHow.com. N.p., n.d. Web. 14 Apr. 2017. 

(Figure 2) Amstead, Robert. "Seismic Retrofit Lessons Learned: Technical." Seismic Retrofit Lessons Learned: Technical - 

Buildipedia. N.p., n.d. Web. 16 Apr. 2017. 

Shear walls, usually concrete or masonry, resist lateral forces as a vertical diaphragm through in-

plane shear (Figure 3). These walls are usually long compared to their height, utilizing in-plane 

stiffness and acting as a vertically spanning beam to resist lateral forces (Figure 4). Flexure is 

resisted by vertical reinforcement along the wall. It is important to consider openings when 

calculating a wall’s shear capacity, because wall sections with openings will be the weakest path 
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of shear resistance. Walls above and below openings act as tie beams that distribute load between 

shear walls (Figure 5). To fully transfer shear forces into substructure, wall vertical bars must be 

adequately lapped with foundation dowels. For in-plane shear, the wall acts as a cantilevered beam 

that is fixed at the base. 

 

 

Figure 3: Concrete Shear Walls 

Industrial Process Facilities. Tindall, n.d. Web. 

 

         Figure 4: Shear Wall Deflection             Figure 5: Shear Wall with Openings 
 

(Figure 4) "Lateral Load-Resisting Systems." Reinforced Concrete Design of Tall Buildings (2009): 199-252. Web. 

(Figure 5) "Lateral Load-Resisting Systems." Reinforced Concrete Design of Tall Buildings (2009): 199-252. Web. 
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Braced frames resist lateral loads by the transfer of axial forces (tension or compression) through 

diagonal bracing members (Figure 5). These braces transfer forces from roof or floor diaphragms 

through shear connections and down to the foundation. There are two basic types of braced frames: 

concentric and eccentric. Concentric frames have braces connecting at the ends of elements. This 

develops truss action, creating a relatively stiff frame to resist lateral loads. A few common 

configurations are cross-bracing, v-bracing, and single diagonal braces (Figure 6). Eccentrically 

braced frames utilize diagonal braces with one or two ends joining eccentric to the supporting 

member. This essentially creates a braced frame with increased ductility, similar to a moment 

frame. These are more commonly used in high seismic regions (Figure 7) (Lateral). 

 

Figure 5: Braced Frame 

"BRBF Steel Design and Bozeman’s Mill Street Lofts." N.p., n.d. Web. 

 

Figure 6: Concentrically Braced Frames 

"Braced Frames." Braced Frames » Seismic Resilience. Seismic Resilence, n.d. Web. 14 Apr. 2017 

 

Figure 7: Eccentrically Braced Frames 

"Braced Frames." Braced Frames » Seismic Resilience. Seismic Resilence, n.d. Web. 14 Apr. 2017 
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ROOF AND FLOOR DIAPHRAMS 

Lateral wind loads are transferred to the wind force resisting system through roof and floor 

diaphragms. The diaphragm essentially acts as a deep beam spanning between vertical lateral 

framing members or bracing bays. It drags parallel wind pressure from the roof and walls into the 

lateral force resisting system (Figure 8).  

 

Figure 8: Diaphragm Deflection from Applied Lateral Loads 

"Chapter 9: Horizontal Diaphragms." Chapter 9: Horizontal Diaphragms | Engineering360. IEEE GlobalSPEC, n.d. Web. 14 

Apr. 2017. 

Diaphragms can be idealized as flexible or rigid. The difference between the two is relative 

stiffness, which affects how the diaphragm distributes lateral loads. Flexible diaphragms distribute 

lateral loads to vertical members based on tributary area, similar to vertical load distribution in a 

structure. Load is transferred only to members with strong axis oriented parallel to lateral load 

direction. Members with strong axis oriented perpendicular to the loading direction are assumed 

to not contribute. In a rigid diaphragm, loads are distributed based on relative stiffness of vertical 

members oriented in any direction (Fanella). It is important to consider torsion for rigid 

diaphragms, as it cannot be simply resisted through bending of the diaphragm elements. 

Connections between diaphragms and lateral resisting elements are crucial. They must be able to 

transfer axial and shear loads in both tension and compression to provide frame continuity. 

Typically, wood or steel diaphragms are considered flexible, while a concrete roof diaphragm is 

considered rigid. However, the relative stiffness of the diaphragm compared to the relative stiffness 

of the vertical elements affect how a diaphragm behaves. For example, if the lateral resisting 

system is a flexible moment frame, the diaphragm will behave more rigidly than if the lateral 

resisting system were constructed of concrete shear walls (Wilson). 

It is wise to utilize finite elements analysis when evaluating complicated structures, such as those 

with irregular geometry, or structures utilizing multiple load resisting systems and materials. 

Simplified load distribution assumptions will not be as accurate for these situations. 
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PRACTICAL CONSIDERATIONS  

How is a lateral force resisting system chosen during design? In practice, economics and building 

program most often determine the lateral bracing system, but life safety and fire rating must also 

be considered (Wilson). 

For example, a steel braced frame is more economical than a steel moment frame. Steel moment 

frames require heavy connections as well as relatively higher material and labor costs. However, 

if a building requires a completely open layout, walls with large windows, or has inadequate 

clearance for steel bracing, a more expensive moment frame may be required.  

Sometimes, it is clear which lateral system is the best for a particular structure. Consider a large 

concrete parking garage. Engineers often use concrete shear walls, which fit on column lines and 

can tie monolithically to the structure. In many buildings, elevator shaft walls which are already 

required are utilized as shear walls. If reinforced masonry walls are used within the structure 

architecturally, they can be tied to the diaphragm and utilized as shear walls. 

Structurally it is efficient to place lateral load resisting elements symmetrically to mitigate 

torsional effects. In addition, it is more economical to place shear walls at the exterior of a building; 

however, the engineer is often limited architecturally and must make due with less efficient 

configurations. 

It is also important to consider fire-rating requirements and associated costs. For example, using 

metal roof deck is an efficient way to create an economical, flexible roof diaphragm. However, if 

a high fire-rating is required, it may be more cost effective to use composite deck rather than 

fireproofing the whole roof. If a fire barrier is needed between two areas of a building, concrete 

walls work very well and can double as shear walls. 

Serviceability requirements for the building must also be carefully considered. Wind loading and 

associated drift affects performance of cladding elements. Relative deflection of structural 

elements must be compatible, otherwise isolation joints need to be provided. For example, if 

masonry walls are being used with a steel frame, enough isolation between the brittle masonry and 

flexible steel must be provided so that the steel can deflect without damaging the masonry. This is 

true with interfaces of structural to structural elements as well as structural to cladding elements. 

If an addition is being added to an existing concrete building, it is wise for the addition to be 

concrete construction. If different frame or roof construction methods need to be used for the 

building program, adequate isolation for differential drift and deflections must be provided. 

 

CONCLUSION 

In structural engineering, it is important to understand lateral loads and their paths. These include 

frame types, diaphragms, and connections. Each project will have different project programs and 

requirements that will require the structural engineer to decide how to resist loads in the most 

economical way while meeting architectural and usage requirements and restraints.  
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